Effects of physical state (liquid-solid) of foods on food intake: procedural and substantive contributions1'2
Harry R Kissileff PhD ABSTRACT Two types of procedures are described for the study of the effects of food attributes on food intake. One is concurrent evaluation in which the attributeis placed in the food, and the amount consumed is measured.
The other isthe preloading paradigm in which a food containing the attribute is given before a test meal and intake of the test meal is measured. From our work with both types of procedure in which we used foods in both solid and liquefied form, we conclude that the effects of food attributes on intake willdifferdepending on which procedure is used. Concurrent evaluation is recommended when the time course of the attribute is short-lived (few seconds to a minute).
Preloading is the procedure of choice when the attribute'seffect is longer-lasting (several minutes to hours). When the same food was served in either solid or liquefied form, there was no difference in intakes of the two versions, but for liquefied form, the rate of consumption was faster, and meal duration was shorter,than for the solid. When a completely liquefied preload (soup) was given, intake in the following test meal was less for the same caloric load than when the preload was only partly in liquid form. Liquefied foods may be more efficientin producing satiety, as measured by food intake reduction, than solids. Because the two preloads were differentacross dimensions other than solid-liquid, more investigation of these other dimensions is needed.
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Introduction
In order to examine the effect of the food attribute, physical state, on food intake and to identify approaches and methods for doing so, this paper will consider first the general scheme by which food attributes can contribute to the control of food intake. Next, suggested elementary conditions for the study of food intake in man will be presented, together with reasons for their employment. Two types of procedures will be described followed by examples of experiments which illustrate both their advantages and shortcomings. The experiments suggest that physical consistency of a single course of one food is unlikely to have much effect on amount of that course eaten, but that courses of solids and liquids could have strongly differing effects on subsequent consumption.
However the crucial experiment to establish such an effect remains to be done. was no interaction of type of diet (liquid-solid) with deprivation condition in either men or women (Fig 3) .
Pitfalls of concurrent evaluation
There are at least three pitfalls of concurrent assessment.
First, the multiple action of foods on possible independent mechanisms can lead to results which are difficult to interpret in relation to a mechanism of action. Figure 2 .
than intake of a meal containing crackers, cheese, and apple juice. Because the soup-containing meal was more liquid than solid, we predicted that the meal containing soup would result in a lower intake because its greater volume would fill the stomach more effectively per calorie and, therefore, 10OO inhibit intake more than the combination. Subjects were given equal weights of the soup or of the combination as a first course (preload) on separate occasions and were then allowed to eat as much of the second course of macaroni and beef as they wanted.
The two preloads, of course, differed in total energy content because of the differences in energy density. We were very excited about the outcome that total calorie intake was less for the meal which contained soup than for the meal which contained the combination, until we realized that, by combining the first and second courses into a single measure and converting to energy units, we had inadvertently included different amounts of the independent variable in our dependent variable (Fig 4) Left: Linear functions with differentslopes (di/dp) and intercepts for each line. The satiating efficiencies are 1.0 and 0.5 (negatives of the slopes). Right: Exponential functions (nonlinear) with interceptsequal to 500. Note that the slopes and, therefore,the satiatingefficiencies depend on the amount loaded and are not merely constants as they are in the case of the linear functions.
(From Figure I, combination of crackers, cheese, and apple juice. Soups are shown by circles, the combination by squares. The triangles indicate mean intake under no preload condition, used at the screening test before subjects were accepted in the study. Each symbol is the group mean for 12 subjects.
All four conditions (two preload levelsof soup and two of the combination) were given to each subject,but separate groups of subjectswere given each soup. (From Figure 1, The results were extraordinary. When we plotted intake of the test meal against weight of the preload there was no effect, much to our surprise.
(See Fig 7) . On the other hand, r e (Kc ) TYPE the effect of difference in energy level of preload was significant, and it was relatively uniform across the other factors (ie fat content and weight of preload see Fig 8) . Intake after the high calorie preloads ranged from 68 g to 121 g less than after the low-calorie preload. The mean reduction was 94.2 ± 27.8 SED. Increasing the fat content resulted in a decrease in the satiating effect of soup, but it was not significant.
Intake after high fat soups was 39.8 g larger than after the low-fat soups.
After the previous experiment, it was suggested that soup was more satiating than crackers, cheese, and juice because of its lower weight per unit of energy. The present experiment makes such an interpretation unlikely, and suggests that the mechanism by which soup results in greater suppression of intake is that soup may reach nutrient-sensitive receptors more quickly, or alternatively, it may activate them more strongly than crackers, cheese, and juice. There are also several differences in the physical properties and possible cognitive factors between soup and the combination preload that could account for their differences in satiating efficiency. These differences include temperature, osmolarity, consistency and particle size, ease of digesti-
